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X4 Device

Parallel | UI0 | UIl | UI2 [ UI3 | Ul4 | UI5 | Ule | Ul7
DQO 0 0 0 0 0 0 0 0
DQl 1 1 1 1 1 1 1 1
DQ2 1 I I 1 1 | 1 1
DQ3 1 1 1 1 1 1 1 1

FIG. 4B RELATED ART



US 9,122,570 B2

Sheet 5 of 6

Sep. 1, 2015

U.S. Patent

LAV AALVTAd O DIA

CUdIN | €0d YN | €0d OUdIN | €0d SUAIN | €0d
YN | 2Dd 0ddIN | 20d SUAN | 2Od cUdIN | 20d
0ddIN | 10d SUAN | 100 cddIN | 10d [HdIN | 10d
SUAIN | 00d CddIN | 00d [HdIN | 0Dd 0UdIN | 00d
J-0IN | 1083815 J-0IN | 1083815 J-0IN | 1933e1S J-0IN | 1083815
(PUBLLILLIOD (PUBLLILLIOD (PUBLLILLIOD (PUBLLILLIOD

SUdIN PEIY) ¥X

CUdIN PEIY) ¥X

[HdIN PBIY) ¥X

OUdIN Pe3Y) ¥X




US 9,122,570 B2

Sheet 6 of 6

Sep. 1, 2015

U.S. Patent

G OIA

12181391 wIdNed — 0IC L 0FC
L1G | Ie1s18al uraned puodag = 101RIUAS
urped  H—809
S1C ~H 19181891 urayied 1sar INCH
e s 2In)on.is 09¢
......... 1218189y $
[
oumm J130] [0J3UO))
08¢ 0ce JANI RO
NOd < v $ V B
10d " J19)S139. eieqg AelIe Bled | 101189l ur ele(g
00Jd peay AIOUIAN LA
SSAIPPY
SSaIppPY

009



US 9,122,570 B2

1
DATA PATTERN GENERATION FOR IO
TRAINING AND CHARACTERIZATION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to characterization of signal integrity
on data output paths in a DRAM memory, and more particu-
larly, to characterization of signal integrity on data output
paths by bypassing the main array and reading data from a
series of registers. The invention applies to a much broader
variety of chip-to-chip interfaces, however.

2. Description of the Prior Art

Characterization of a memory interface is a crucial part of
the manufacturing process. Certain parameters are set and
tested in order to gauge a full operational view of the memory
array, and how it operates under different conditions.

Particular design challenges are associated with Input/Out-
put (I/O) signaling. At low speeds, problems generally only
occur where transmission lines are especially long. At high
speeds, however, even the shortest transmission lines can
suffer from problems such as inter-symbol interference and
crosstalk, due to high frequency effects.

In order to test memory read signal integrity on a number of
data output paths, data patterns are written to the main array,
and then read out. As the array needs to be accessed for this
read operation, a certain amount of noise will be added, and
the data path timing may be limited by the array timing, which
makes characterization of the I/O scheme difficult.

It is therefore an objective to perform data characterization
of data output paths without having to access the array.

SUMMARY OF THE INVENTION

This in mind, the present invention aims to provide a
method and apparatus for characterizing signal integrity on
an output data path in a read operation which is independent
of the array.

A memory structure that can perform characterization of
output data paths without accessing a main memory array
comprises: a plurality of output data paths; and a plurality of
registers coupled to the output data paths. The registers com-
prise: at least a first pattern register and a second pattern
register, for respectively storing a first data pattern and a
second data pattern; and at least a first mapping register, for
storing a plurality of binary values, wherein each binary value
indicates whether the first data pattern or the second data
pattern should be mapped to a corresponding output data
path.

A method for performing characterization of output data
paths without accessing a memory array of a memory com-
prises: coupling a plurality of registers to the output data
paths; designating a register of the plurality of registers as a
first pattern register and storing a first data pattern therein;
designating a register of the plurality of registers as a second
pattern register and storing a second data pattern therein;
designating a register of the plurality of registers as a first
mapping register, and storing a plurality of binary values
therein, wherein each binary value corresponds to an output
data path; accessing the binary values in the first mapping
register to determine whether the first data pattern or the
second data pattern should be mapped to a corresponding
output data path; and outputting the first data pattern or the
second data pattern on a corresponding output data path
according to the binary values in the first mapping register.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill in the art after
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2

reading the following detailed description of the preferred
embodiment that is illustrated in the various figures and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram of a register scheme for a DRAM
according to a first exemplary embodiment of the present
invention.

FIG. 2 is a diagram of a register scheme for a DRAM
according to a second exemplary embodiment of the present
invention.

FIG. 3 is a diagram of a register scheme for a DRAM,
wherein the registers are Linear Feedback Shift Registers,
according to a third exemplary embodiment of the present
invention.

FIG. 4A is a related art diagram of a data pattern read out
from a Multi-purpose Register (MPR) in serial mode.

FIG. 4B is a related art diagram of a data pattern read out
from an MPR in parallel mode.

FIG. 4C is a related art diagram of a data pattern read out
from an MPR in staggered mode.

FIG. 5 is a diagram of a register structure and a memory
array according to an exemplary embodiment of the present
invention.

DETAILED DESCRIPTION

In order to bypass the array when reading data on a signal
output path, the present invention provides a register scheme
for a memory comprising a series of registers which are
located near the read path (data output path) but are indepen-
dent from the main array. Data patterns are stored in the
registers, and mapped to particular data paths . This means
that data can be read out on output data paths without having
to access the array in a read operation. The mapping operation
also enables more than one data pattern to be read to the
output data paths.

In an exemplary embodiment of the present invention,
three 8-bit registers are provided. Please refer to FIG. 1,
which is a diagram illustrating the three 8-bit registers. A first
pattern register (PR<0>) 102 and a second pattern register
(PR<1>) 104 are respectively used for storing a first and a
second 8-bit data pattern. The third 8-bit register is a mapping
register MR<0> 107, for mapping the data patterns to par-
ticular data output paths.

“As illustrated in the diagram, the first pattern register 102
stores an 8-bit data pattern consisting of 8 ‘ONES” and the
second pattern register 104 stores an 8-bit data pattern con-
sisting of 8 ‘ZEROS’. The first mapping register 107 stores a
series of ‘ONES’ and ‘ZEROS’ for indicating which data
pattern will be output to which data path. Fach bit in the
mapping register corresponds to a data path DQ<0:7>, and
the binary values stored therein correspond to either the first
data pattern or the second data pattern. In other words, map-
ping bits DQ<0:3> correspond, respectively, to data paths
DQ<0:3>. As the mapping register stores four ‘ZEROS’ in
these four bits, data paths DQ<0:3> will all output the data
pattern stored in the first pattern register 102, which is a “hi’
value of 8 ‘ONES’. Similarly, mapping bits DQ<4:7> corre-
spond, respectively, to data paths DQ<4:7>. As the mapping
register 107 stores four ‘ONES’ in these four bits, data paths
DQ<4:7> will all output the data pattern stored in the second
pattern register 104, which is a ‘lo” value of 8 ‘ZEROS’. In
this way, two distinct data patterns can be output on the data
paths without a need to access the array in a read operation.”
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It is also possible to have more than one mapping register,
as illustrated in FIG. 2. AS shown in this diagram, there are 16
possible data paths corresponding to the 8-bit mapping reg-
isters, 207, 209. As before, when the mapping register 207/
209 stores a ‘ONE’, the data pattern in the second pattern
register 204 will be output on the corresponding data path;
when the mapping register 207/209 stores a ‘ZERO’, the data
pattern in the first pattern register 202 will be output on the
corresponding data path.

It is possible that a data pattern longer than the number of
bits of the pattern register may be output on the read data path.
In this case, the pattern register can be modified to be a Linear
Feedback Shift Register (LFSR), as illustrated in FIG.3. The
first pattern register 302 is a 4-bit register, comprising an
XOR gate having an output coupled to the leading bit of the
first pattern register 302, and having two inputs respectively
coupled to the third and fourth bit of the first pattern register
302. The second pattern register 304 is a 4-bit register, com-
prising an XOR gate having an output coupled to the leading
bit of the second pattern register 304, and having two inputs
respectively coupled to the third and fourth bit of the second
pattern register 304. In this way, the pattern register 302 and
the second pattern register 304 can store two distinct data
patterns, which will be repeated every 15 cycles. As in the
register structure illustrated in FIG. 1, the first mapping reg-
ister 307 stores a series of ‘ONES” and ‘ZEROS’ for indicat-
ing which data pattern will be output to which data path. Each
bit in the mapping register corresponds to a data path DQ<0:
7>, and the binary values stored therein correspond to either
the first data pattern Out<0>, which is output by the first
pattern register 302, or the second data pattern Out<1>, which
is output by the second pattern register 304.

In situations where the data pattern to be read is longer than
8 bits, but there is no LFSR, it is possible to use inverting logic
or mapping register rewrite to successfully output all data.
The following example uses the registers illustrated in FIG.1
as an example. A data pattern to be output has 15 bits. This
data pattern will be written to both pattern registers 102, 104.
Initially, the mapping register 107 is set to output the data
pattern in the first pattern register 102 to all data paths (i.e. all
bits in the mapping register MR<0> are ‘ZERQO’). The bits in
the mapping register 107 are then inverted so that the data
pattern in the second pattern register 104 is output to all data
paths (i.e. all bits in the mapping register MR<0> are ‘ONE”).
A straight inversion of the bits therein may be performed, or
a logic operation can be performed to invert the bits. If a data
pattern is longer than 15 bits, the data in the pattern registers
102, 104 may be rewritten to extend the data pattern stored
therein. Alternatively, if a second data pattern is to be output,
the pattern registers 102, 104 can be rewritten to store the
second data pattern, and the mapping register 107 will have a
corresponding binary mask written to it, for outputting the
correct data pattern.

Please note that the above numbers of pattern registers and
mapping registers are provided as exemplary embodiments of
the invention, but are not intended in a limiting sense. Those
skilled in the art may make modifications to the above after
reading the disclosure. For example, more than two pattern
registers may be provided, as long as the number of mapping
bits in the mapping register(s) is sufficient. Further, the above
is not limited to memory devices.

The pattern registers of the present invention may be both
write-able and read-able so that new data patterns can be
written therein, or may be read-able only. In this case, the
pattern registers will be hard-coded with the data patterns.

FIG. 5 illustrates a data system 500, comprising a memory
array 550, wherein data can be written to the memory array
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550 by means of a write register 570, and has data can be read
out from the memory array 550 by means of a read register
580. Address signals are input to both the write register 570
and the read register 580 for performing these operations.
Timing of the registers is performed by a control logic 560.
Data read out from the read register 580 will be output on a
plurality of data output paths DQO~DQN, wherein the total
number of data output paths =N+1. A register structure 540
can output test data patterns to the data output paths
DQO~DQN without accessing the memory array 550. The
register structure 540 includes a test pattern generator 508
which generates test data patterns to a pattern register 510.
More specifically, the test pattern generator 508 generates at
least a first test data pattern and a second test data pattern to,
respectively, a first pattern register 513 and a second pattern
register 517 within the pattern register 510. The pattern reg-
ister 510 is coupled to a mapping register 520, which (as
detailed in the above) comprises a plurality of bit registers
(N+1 in this example) respectively corresponding to the plu-
rality of data output paths. Each bit registers contains a ZERO
or a ONE, indicating whether the test data pattern in the first
pattern register or the test data pattern in the second pattern
register should be output to the corresponding data output
path.

The above embodiments are particularly suitable for use in
aDDR4 array. The DDR4 array defines four write-able Multi-
purpose registers (MPR). Each MPR consists of four logical
pages, wherein there are four 8-bit registers per page. Only
Page 0 is both write-able and read-able, and therefore is the
only page which applies to the present invention.

The DDR4 spec allows data to be mapped to output data
paths in three different modes. These three modes are illus-
trated in FIGS. 4A~4C. Serial mode maps the same serial data
pattern to each data path, as illustrated in FIG. 4A. In parallel
mode, each data path may output a different data pattern, but
each bit will be repeated, as illustrated in FIG. 4B. In stag-
gered mode, the data will be staggered across the lanes, as
illustrated in FIG. 4C.

Default values are defined for the registers by the DDR4
specification, but the concept of the present invention can be
used to write any custom values therein. Further, the concept
of'the invention means that more than one data pattern can be
output by the MPRs, regardless of the output mode.

The MPRs can function in a similar way to the embodiment
illustrated in FIG.2. A first MPR R<0> and a second MPR
R<1> operate as the pattern registers, and store a first pattern
A and a second pattern B. The third MPR R<2> and fourth
MPR R<3> store a binary sequence which indicates whether
the first pattern A or the second pattern B will be output. As
before, the data patterns may be written to the MPRs in an
MPR write state, or the data patterns may be hard-coded so
the write state is not needed.

The third and fourth MPRs are loaded with masks, wherein
each bit corresponds to a particular data output path, such that
the bits of the third multi-purpose register MPR R<2>respec-
tively map to DQ<0:7>. The following is an example of
output of two data patterns, A and B.

R<0>=0000 0000

R<1>=1111 1111

R<2>=0000 1111

R<3>=0101 1100

Data pattern A (0000 0000) is loaded to the first MPR R<0>
and data pattern B (1111 1111) is loaded to the second MPR
R<1>. The third MPR R<2> is loaded with a binary mask
(0000 1111) for the lower data output paths (LDQ) and the
fourth MPR R<3> is loaded with a binary mask (0101 1100)
for the upper data output paths (UDQ).
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DQ<0:3> will output data in R<0>

DQ<4:7> will output data in R<1>

DQ<8, 10, 14, 15> will output data in R<0>

DQ<9, 11, 12, 13> will output data in R<1>.

In summary, the present invention discloses a fast and
efficient method for performing read signal integrity charac-
terization on a DRAM/DDR4 memory that bypasses the main
memory array and can therefore obtain more accurate results
without being affected by noise and signal timing constraints.
Further, the use of pattern registers and mapping registers
near the read path means that two distinct data patterns can be
output at the same time. This further improves the efficiency
of the above scheme.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended claims.

What is claimed is:

1. A register structure that can perform characterization of
output data paths without accessing a memory array, the
register structure comprising:

at least a first pattern register and a second pattern register,

for respectively storing a first test data pattern and a
second test data pattern, wherein the first test data pat-
tern and the second test data pattern are different from
each other, the first pattern register and the second pat-
tern register are both 8-bit registers, and the first test data
pattern and the second test data pattern are both greater
than 8 bits; and

at least a first mapping register comprising a plurality of bit

registers, each bit register corresponding to an output
data path and storing a binary value, wherein each binary
value indicates which of the first test data pattern or the
second test data pattern should be mapped to a corre-
sponding output data path and at least one bit register
stores a binary value which is different from the binary
value stored in the other bit registers,

wherein the first test data pattern is stored in the first pattern

register and the second pattern register, and read out to
the output data paths by making all binary values in the
first mapping register correspond to the first pattern reg-
ister, and then inverting all binary values in the first
mapping register to correspond to the second pattern
register.

2. The register structure of claim 1, wherein the first map-
ping register is an 8-bit register, and each bit corresponds to a
different output data path.

3. The register structure of claim 1, further comprising a
second mapping register, for storing a plurality of binary
values, wherein each binary value indicates whether the first
test data pattern or the second test data pattern should be
mapped to a corresponding output data path.

4. The register structure of claim 3, wherein the memory
array is a DDR4 DRAM, and the first pattern register, the
second pattern register, the first mapping register and the
second mapping register are multi-purpose registers of the
DDR4 memory.

5. The register structure of claim 1, wherein the first pattern
register and the second pattern register are both 8-bit regis-
ters, and the first test data pattern and the second test data
pattern are both 8-bit data patterns.

6. The register structure of claim 1, wherein the first pattern
register and the second pattern register are both 8-bit linear
feedback shift registers, and the first test data pattern and the
second test data pattern are both 63-bit data patterns.
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7. The register structure of claim 1, wherein the second test
data pattern is then stored in the first pattern register and the
second pattern register, and read out to the output data paths
by making all binary values in the first mapping register
correspond to the first pattern register, and then inverting all
binary values in the first mapping register to correspond to the
second pattern register.

8. A method for performing characterization of output data
paths without accessing a memory array of a memory, the
method comprising:

designating a register of a plurality of registers as a first

pattern register and storing a first test data pattern
therein;
designating a register of the plurality of registers as a
second pattern register and storing a second test data
pattern therein, wherein the first test data pattern and the
second test data pattern are different from each other, the
first pattern register and the second pattern register are
both 8-bit registers, and the first test data pattern and the
second test data pattern are both greater than 8 bits;

designating a register of the plurality of registers as a first
mapping register, the first mapping register comprising a
plurality of bit registers, each bit register corresponding
to an output data path, and respectively storing a plural-
ity of binary values in the plurality of bit registers;

accessing the binary values in the first mapping register to
determine whether the first test data pattern or the sec-
ond test data pattern should be mapped to a correspond-
ing output data path; and

outputting the first test data pattern or the second test data

pattern according to the binary values in the first map-
ping register, comprising:

storing the first test data pattern in the first pattern register

and the second pattern register;

making all binary values in the first mapping register cor-

respond to the first pattern register;

mapping the first test data pattern in the first pattern register

to the output data paths;

inverting all binary values in the first mapping register to

correspond to the second pattern register; and

mapping the first test data pattern in the second pattern

register to the output data paths.

9. The method of claim 8, wherein the first mapping reg-
ister is an 8-bit register, and each bit corresponds to a different
output data path.

10. The method of claim 8, further comprising:

designating a register of the plurality of registers as a

second mapping register and storing a plurality of binary
values therein, wherein each binary value corresponds to
an output data path;

the step of accessing the binary values in the first mapping

register further comprises:

also accessing the binary values in the second mapping

register to determine whether the first test data pattern or
the second test data pattern should be mapped to a cor-
responding output data path; and

the step of outputting the first test data pattern or the second

test data pattern on a corresponding output data path
further comprises:

also outputting the first test data pattern or the second test

data pattern on a corresponding output data path accord-
ing to the binary values in the second mapping register.

11. The method of claim 10, wherein the memory is a
DDR4 DRAM, and the first pattern register, the second pat-
tern register, the first mapping register and the second map-
ping register are multi-purpose registers of the DDR4
memory.
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12. The method of claim 8, wherein the first pattern register
and the second pattern register are both 8-bit registers, and the
first test data pattern and the second test data pattern are both
8-bit data patterns.

13. The method of claim 8, wherein the first pattern register 5
and the second pattern register are both 4-bit linear feedback
shift registers, and the first test data pattern and the second test
data pattern are both 15-bit data patterns.

14. The method of claim 8, further comprising:

storing the second test data pattern in the first pattern reg- 10

ister and the second pattern register;

making all binary values in the first mapping register cor-

respond to the first pattern register;

mapping the second test data pattern in the first pattern

register to the output data paths; 15
inverting all binary values in the first mapping register to
correspond to the second pattern register; and

mapping the second test data pattern in the second pattern

register to the output data paths.
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